Summary. Acarbose, an a-glucosidase inhibitor, delays starch digestion and inhibits intestinal sucrase and maltase activity. Twenty-eight insulin dependent diabetics were given Acarbose (3 x 100 mg daily) over a two month period, preceded and followed by a two month placebo period. Acarbose reduced post-breakfast and post-dinner blood glucose values by 25% (p < 0.001) and 24% (p < 0.05) respectively. It also significantly reduced mean daily blood glucose by 18% (p < 0.05) and mean amplitude of glycaemic excursions from 8.0 _+ 0.6 to 5.5 + 0.4 mmol/1 (p <0.0005). Weight did not change significantly. Daily caloric and carbohydrate intake remained constant throughout the study while insulin requirements decreased slightly but significantly. Out of the 28 patients, 18 had absent while ten had slight residual B cell function as assessed by plasma C-peptide measurements. Treatment with Acarbose did not significantly affect residual B cell function. The beneficial effect of Acarbose on blood glucose control was seen in patients both with and without residual B cell secretion. The major side-effect was flatulence which was never severe enough to interrupt treatment, but led to a 50% reduction of the dose in one patient. It is concluded that Acarbose represents a useful additional means of improving metabolic control in insulin dependent diabetics.
Summary. Acarbose, an a-glucosidase inhibitor, delays starch digestion and inhibits intestinal sucrase and maltase activity. Twenty-eight insulin dependent diabetics were given Acarbose (3 x 100 mg daily) over a two month period, preceded and followed by a two month placebo period. Acarbose reduced post-breakfast and post-dinner blood glucose values by 25% (p < 0.001) and 24% (p < 0.05) respectively. It also significantly reduced mean daily blood glucose by 18% (p < 0.05) and mean amplitude of glycaemic excursions from 8.0 _+ 0.6 to 5.5 + 0.4 mmol/1 (p <0.0005). Weight did not change significantly. Daily caloric and carbohydrate intake remained constant throughout the study while insulin requirements decreased slightly but significantly. Out of the 28 patients, 18 had absent while ten had slight residual B cell function as assessed by plasma C-peptide measurements. Treatment with Acarbose did not significantly affect residual B cell function. The beneficial effect of Acarbose on blood glucose control was seen in patients both with and without residual B cell secretion. The major side-effect was flatulence which was never severe enough to interrupt treatment, but led to a 50% reduction of the dose in one patient. It is concluded that Acarbose represents a useful additional means of improving metabolic control in insulin dependent diabetics.
Key-words:
Acarbose, diabetes, insulin dependent diabetes, metabolic control.
Acarbose (BAY-g-5421) is a complex oligosaccharide of microbial origin [1] which delays starch digestion and which has anti-sucrase and anti-maltase activities [2] [3] [4] . Short-term metabolic studies have suggested that Acarbose may be a useful additional treatment for diabetic patients [5] [6] [7] .The aim of the present study was to investigate the potential benefits of Acarbose in insulin dependent diabetics over a period of two months. The experiment was conducted with a single-blind protocol in which the patients were given a placebo for two months before and two months after the treatment period. Clinical and biochemical tolerance was simultaneously investigated. In addition, residual B cell secretion was assessed by plasma C-peptide measurements in order to detect any effect of Acarbose and also to see if residual B cell function would influence the effect of Acarbose on diabetic control.
Patients and Methods

Patients
Thirty-two insulin dependent diabetics entered the study; four subjects dropped out, two for non-adherence to the protocol, two for recurrence of previous bowel problems during the first placebo period. The complete study was therefore performed on 28 patients, 14 males and 14 females. The details of the patients studied are given in Table 1 . Mean duration of diabetes was 11.8 _+ 1.4 (SEM) years in males and 12.8 + 1.7 years in females. The mean daily dose of insulin was 50 _+ 8 (SEM) units in males and 47 +_ 4 units in females. The patients were instructed to follow their usual dietary regimen.
Experimental Protocol
The study was approved by the Human Investigation Ethical Committee of our Institution. All patients were carefully instructed about the aims of the study and consented to participation. All the subjects investigated were out-patients regularly attending our University Diabetic Clinic. They continued to be seen every two months by their usual physicians who agreed to their participation in the study. In addition, all patients were seen every two months by one of us. Dietary interviews were performed before and every two months during the study. The study comprised three consecutive periods of two months each. During the first period, the patients received a placebo tablet three times daily indistinguishable from 0012-186X/81/0021/0446/$01.20 Acarbose tablets. During the second period, they received Acarbose 100 mg three times daily. During the last period of the study, patients were given placebo again. The tablets were taken at the beginning of each main meal (breakfast, lunch and dinner). During the first week of each period, the patient was advised to take only half of the dose, in order to reduce any troublesome bowel effects. At the beginning of the study and at the end of each period, the patients spent one day in our Metabolic Unit during which blood glucose and C-peptide profiles were performed. Blood samples were taken through an indwelling cannula at 0800, 1030, 1200, 1430, 1800, 2030 and 2130 h. Breakfast, lunch and dinner were taken immediately after collecting the 0800, 1200 and 1800 h blood samples, while snacks were taken after collecting the 1030, 1430 and 2030 h blood samples. On each test day, blood was also collected for HbAl~ determination and for routine haematological and biochemical tests. During each month of the study, the patients were interviewed with particular reference to gastro-intestinal tolerance and other side-effects.
Laboratory Investigations
Venous blood glucose was determined using the hexokinase method adapted to the Technicon autoanalyzer [8] . Plasma C-peptide was determined by radioimmunoassay according to Heding [9] . Using this assay, the minimal detection value was 0.01 pmol/ml and the interassay variation coefficient 6.3%. HbA~o was evaluated using isoelectric focussing [10] . A full blood count was performed with an automated counter. Plasma bilirubin, transaminases, alkaline phosphatases, creatinine and proteins, blood urea and nitrogen and serum iron, calcium, sodium, magnesium and triglycerides were determined using standard procedures (Laboratory of Clinical Biochemistry of the University of Lirge, Professor C. Heusghem).
Calculations and Statistical Methods
The mean amplitude of glycaemic excursions (MAGE) and the "M" value (an index of diabetic control) were calculated from the blood glucose values of the daily profiles according to Service et al. [11] and Schlichtkrull et al. [12] respectively. Statistical analysis was performed using Student's t test for paired and unpaired data [13] .
Results are expressed as mean _+ SEM.
Results
Tolerance and Side-Effects
Body weight remained similar throughout the study: 68.9 _+ 2.6; 67.7 _+ 2.4; 67.5 + 2.3 and 67.2 + 2.4 kg before the trial and at the end of each experimental period, respectively. None of these values was significantly different. Similarly, arterial blood pressure remained unchanged. During the first placebo period, three patients complained of moderate flatulence, three had an increased tendency to hypoglycaemia and three others reported that hypoglycaemia was less frequent. During the two month Acarbose period, 23 patients (82%) reported flatulence which was considered as minor by 13 patients and slightly uncomfortable by ten. Nevertheless, all patients volunteered to complete the study. The Acarbose dose was reduced to 50 mg three times daily in one patient who complained of abdominal discomfort. During the Acarbose period, three patients noticed softer stools and one had diarrhoea; only two patients reported no side-effects at all. During the second placebo period, flatulence disappeared in all patients except two, while a tendency to constipation was reported by three patients.
No change was observed in routine biochemical and haematological parameters which were all in the normal range.
As shown in Fig. 1 . Daily blood glucose profiles before treatment ( 9 .... 9 ), during the first placebo period (/x ..... /x ), the Acarbose period ( 9 ..... 9 and the second placebo period ( 9 ........ 9 ). Results are given as mean _+ SEM for the pre-treatment and Acarbose periods. The SEM for the two placebo periods are of similar magnitude and are not shown. * and -I" correspond to p < 0.05 and p < 0.001 when Acarbose is compared with the pre-treatment period. + corresponds to p < 0.001 when Acarbose is compared with the first placebo period compared with a slight but significant reduction when Acarbose was given (46 + 4 U/day; p < 0.02; paired comparison). Blood glucose values below 2.8 mmol/1 were observed on four occasions on four patients during the second placebo period compared with nine occasions in seven patients during the treatment with Acarbose. No severe hypoglycaemic episodes were observed in any patient throughout the six month study period.
Effects of Acarbose on Diabetes Control
Ambulatory Blood Glucose Levels and Glycosuria. At routine clinic visits, the post-prandial mid-morning blood glucose levels were 9.2 _+ 1.0 mmol/1 in the first placebo period compared with 6.8 _+ 0.8 mmol/1 when Acarbose was given (p < 0.02; paired comparison). They increased to 8.2 + 0.8 ram 9
in the second placebo period. The mid-morning urinary glucose levels were 20 + 4 g/1 in the first placebo period and 9 _+ 3 g/1 during treatment with Acarbose (p < 0.025). During the second placebo period they increased to 18 _+ 3 g/1 (p < 0.05). Figure  1 , the blood glucose profiles at the beginning of the study and at the end of the first placebo period were virtually identical. In contrast, Acarbose significantly reduced the fasting blood glucose, the post-breakfast blood glucose and the post-dinner blood glucose. At the end of the second placebo period, blood glucose tended to return to the previous pattern but fasting and post-breakfast blood glucose remained significantly lower than during the first placebo period (p < 0.05).
Blood Glucose Daily Profiles. As illustrated in
As shown in Figure 2 , the mean daily blood glucose values, derived from the blood glucose profiles, were significantly lower (10.7 + 0.8 mmol/1) du- [11] was recorded in 16 patients in the pretreatment period, in 22 in the first placebo period and in 12 in the second placebo period. In contrast, such high MAGE indices were observed in only five patients during treatment with Acarbose (p < 0.001). The mean "M" value of Schlichtkrull et al. [12] was 67 + 10 (pre-treatment), 63 + 11 during the first placebo period and 57 + 9 during the second placebo period. During Acarbose it was 48 + 10 (p < 0.1 versus pre-treatment). HbA]c levels did not change significantly throughout the study: 8.1 _+ 0.3% (pre-treatment), 8.4 _+ 0.3% (first placebo period), 8.1 + 0.3% (Acarbose) and 8.5 _+ 0.4% (second placebo period).
Acarbose and Residual B Cell Function
The 28 patients were examined for residual B cell function by measuring plasma C-peptide in the samples collected for the blood glucose profiles. Those patients with a fasting plasma C-peptide ~> 0.1 pmol/ml and a 21k h post-prandial value /> 0.15 pmol/ml were considered to have residual B cell function. According to these criteria, ten patients had evidence of residual B cell function while 18 did not. Their mean duration of diabetes was 11.3 _+ 2.0 and 13.9 + 1.3 year (NS) and their mean insulin requirements were 37 + 6 and 54 + 5 U/day respectively (p < 0.025).
In the ten patients considered to have residual B cell function, the mean daily plasma C-peptide values were not significantly different during the three experimental periods: 0.302 +_ 0.037, 0.285 _+ 0.037 and 0.220 _ 0.031 pmol/ml respectively. As shown in Figure 3 , the mean daily plasma C-peptide profiles were similar during the first placebo and the Acarbose periods.
The improvement in diabetic control already mentioned in the 28 patients as a whole is still observed when the data are analysed separately for the two subgroups. However, the lowering of post-dinner blood glucose values was observed only in the patients with residual B cell secretion.
Discussion
One of the difficulties of insulin treatment is the adequate control of post-prandial rises in blood glucose. Recently beneficial effects have been reported from the enrichment of food with naturally occurring fibre, such as guars and pectins [14] [15] [16] [17] . A new approach has been developed by the isolation of complex oligosaccharides of microbial origin possessing a-glucosidase inhibitory properties. Among these compounds, Acarbose has been selected for its maximal inhibitory effects on starch digestion and sucrose absorption [4] . Preliminary studies have indicated that Acarbose reduces the rise in blood glucose following a meal or an oral sucrose load [3, 18, 19] . Until now, the potential benefit of Acarbose in insulin treated diabetics has been investigated in two short-term studies only. Walton et al. [6] reported a double-blind study in seven diabetics receiving Acarbose or placebo on two days at weekly intervals. They observed that Acarbose diminished the post-prandial increases in blood glucose, lactate and pyruvate concentrations. Sachse and Willms [5] treated 12 insulin dependent diabetics for one week in a double-blind cross-over study comparing Acarbose with placebo. They reported that Acar-bose lowered the mean and the maximal blood glucose values as well as the "integrated blood glucose response".
In the present investigation, Acarbose given for two months clearly improved blood glucose control. Indices of stability were also improved, another beneficial effect of the treatment which was obtained despite the low carbohydrate intake of our patients. HbAlc levels did not change significantly despite the clear-cut effect on blood glucose. Two possible explanations are (1) our patients had HbAlc in the middle range for the method at the beginning of the study and (2) under these conditions, a longer treatment period might be necessary to reflect clearly the improved control by HbAlc measurements. The continued improvement of diabetic control observed at the end of the second placebo period may have been due to the increased supervision of the subjects during the study and greater adherence to their diet and insulin regimen; however we cannot rule out long-term changes induced by Acarbose such as altered gut morphology [2O].
Acarbose did not significantly modify the endogenous insulin response to food ingestion in patients with residual B cell function. This observation is interesting in view of the significant lowering of the postprandial blood glucose rises, suggesting that Acarbose may not interfere with other mechanisms, such as the entero-insulin axis, controlling insulin release in these patients. The beneficial effect of Acarbose on blood glucose control is seen in patients with or without residual B cell secretion, although it may be slightly more pronounced in the former. This latter observation is consistent with the marked effect of Acarbose reported in non-insulin dependent diabetics [5, 7] . Nevertheless, the unequivocal effect of Acarbose in patients with undetectable B cell function indicates that these patients may also benefit from this treatment.
No significant weight change was observed during the study. This, in conjunction with the constant food intake throughout the study, suggests that Acarbose, under our experimental conditions, mainly acts by delaying rather than inhibiting carbohydrate absorption.
During the two month Acarbose treatment period, moderate hypoglycaemia occurred slightly more often than during the other study periods, despite a modest but significant reduction in insulin requirements. Physicians and patients should be advised that adding Acarbose to the treatment of insulin treated diabetics may favour hypoglycaemia and a moderate reduction of insulin dose may be necessary.
As reported in previous studies [5, 7, 18, 19] , the most disturbing side-effect of Acarbose is flatulence.
This may be attributed to colonic fermentation of undigested carbohydrates. However, this phenomenon should be quantitatively modest since there was no malabsorption or significant weight loss during the study. These side-effects never required interruption of the trial and necessitated a reduction of the Acarbose dose to 150 mg daily in only one subject.
In conclusion, by reducing post-prandial increases in blood glucose, mean daily blood glucose and the mean amplitude of glycaemic excursions, Acarbose, given at a dose of 100 mg three times daily [2] , represents a useful additional means of improving metabolic control in insulin treated diabetics. Its use for two months was clinically well tolerated and its major side-effect (flatulence) was accepted by the vast majority of patients.
